A marine bacterium, named strain feces2 T , was isolated from the excreted faeces of an abalone, Haliotis discus hannai. The bacterium was Gram-stain-negative, rod-shaped and had a polar flagellum. It formed a white, small and crater-like colony on an agar plate, and had the capability of degrading agar. Activity of oxidase was positive and that of catalase was negative. Strain feces2 T grew at 16 to 40 C with an optimum of 28-30 C. The nearly full-length 16S rRNA gene of strain feces2 T had the greatest sequence similarity of 92.9 % with Marinibactrumhalimedae Q-192 T , followed by of 92.8 % with Teredinibacterturnerae T7902
In this study, we reported a novel strain, feces2
T , which was isolated from the excreted faeces of an abalone, Haliotis discus hannai. This strain formed a crater-like colony on an agar plate and could make the agar plate soften, indicating that it could degrade agar, which is the main component of marine red algae. The nearly full-length 16S rRNA gene sequence of this strain showed a maximum similarity of lower than 93.0 % to bacterial species reported so far, which is below the genus definition threshold of 94.5 % identity [7] , indicating that it may represent a novel genus. Thus, in this study, the taxonomic status of strain feces2
T was determined using phenotypic, chemotaxonomic and phylogenetic analyses.
The faeces were collected from an adult abalone, H. discus hannai (5 cm in shell length), which was collected from an abalone breeding base located at Jinjing town, Jinjiang county, Fujian province on 30 October 2016. The abalone mainly feed on marine red algae, Gracilaria species. The excreted faeces were suspended in sterile seawater. The serial dilutions were spread onto MS agar medium composed of marine broth 2216 (MB; BD) and agar (Solarbio), which were autoclaved separately and mixed when cooled to below 50 C. The plates were incubated at 25 C for 3 days. A white crater-like colony on the plate, named strain feces2 T , was picked and streaked for pure culture, and stored at À80 C with 20 % glycerol (v/v).
The genomic DNA of strain feces2 T was extracted using the Bacterial Genomic Extraction Kit (SBS) following the manufacturer's instructions. The DNA quality was assessed using 1.0 % agarose electrophoresis. The 16S rRNA gene was amplified using the bacterial universal primers Eubac27F and 1492R [8] using Ex Taq in a 50 µl amplification system (TaKaRa). The PCR product was ligated into PMD19-T vector (TaKaRa) and then transferred into chemically competent E. coli DH 5a cells. Two positive clones were selected and their insert sequences were determined by using vector universal primers RV-M and M13-47 using the ABI 3730 sequencer (Shanghai Majorbio Bio-Pharm Technology). The nearly full-length 16S rRNA gene (1454 nt) was obtained after removal of the vector sequence flank and PCR primer.
The closest taxa of strain feces2
T were identified by a 16S rRNA gene identity search using the EzTaxon server [9] and the EzBioCloud database [6] , and using the BLAST tool against the nucleotide database (NCBI, www.ncbi.nlm.nih. gov/). The search results showed that strain feces2
T had the greatest sequence similarity of 92.9 % with Marinibactrum halimedae Q-192 T , followed by of 92.8 and 92.6 % with Teredinibacter turnerae T7902
T and Microbulbifer pacificus SPO729 T , respectively. Nucleotide BLAST searches of the NCBI nucleotide database showed it had the highest sequence identity of 98 % with an uncultured bacterium clone NEP3-15 (JF769534), which was derived from the surface water (phycosphere) around normal Enteromorpha prolifera.
Phylogenetic analysis was carried out by combining the 16S rRNA gene sequences of high similarity retrieved from the EzBiocloud database and the NCBI nucleotide database. Two different phylogenetic trees were reconstructed using MEGA 7.0 [10] and the maximum-likelihood (ML) and neighbour-joining (NJ) methods. The node support of the tree topology was evaluated by using a bootstrap estimation of 1000 replicates for NJ and 1000 resamplings for ML. The best substitution model K2+G+I for the ML tree was determined under the lowest Bayesian information criterion selection scores as the value of lnL=À8356.090. The phylogenetic relationship indicated that strain feces2
T was affiliated to the family Cellvibrionaceae [5] , forming a tight node with the uncultured bacterium clone NEP3-15, and further clustered with Eionea flava IMCC1962 T (92.2 % sequence similarity) and Eionea nigra 17X/A02/237 T (91.6 % sequence similarity), which was separated from other species (Figs 1 and S1, available in the online Supplementary Material).
The whole genomic sequence of strain feces2
T was determined using the Illumina Hiseq 2000 platform (Shanghai Majorbio Bio-Pharm Technology) according to the manufacturer's instructions. About 1 gigabase of paired-end reads (2Â150 bp) were retrieved. The raw reads were assembled using SPAdes version 3.7.0 with the default settings [11] . The contigs with sequence length longer than 1000 bp were kept using a self-written Python script. The genome size of strain feces2
T was 4.2 Mbp, and DNA G+C content was determined to be 50.5 mol% calculated using QUAST [12] .
The colony of strain feces2
T cultured on MS agar medium at 28 C was white, small and circular (0.8 mm in diameter). The morphology of bacterial cells was observed using transmission electron microscopy after negative staining. The fresh bacterial cell suspension was spread on copper grids, stained with 2 % PTA (phosphotungstic acid) and observed under 120 KV with electron microscope (JEM-1230, JEOL). The cells were rod-shaped, 1.0-1.5 µm long and 0.7 µm wide, and had a flagellum (Fig. S2 ). When inoculated into liquid medium, strain feces2
T showed poor growth in MB, which improved by adding 0.1 % agar (w/v).
Physiological activities and biochemical features of feces2
T were compared with phylogenetically closely related species, Eionea flava IMCC1962 T (=KACC 17481 T ), which was obtained from Korean Agriculture Collection Centre. The tests were carried out using the API system (BioM erieux, France) and API 20NE, API 20E and API ZYM test strips according to the manufacture's instruction. Strain feces2 T and E. flava IMCC1962 T were cultured on MB medium by adding 0.1 % agar (BD) at 28 C for 2 days, then cells were collected by centrifugation at 6000 r.p.m. for 10 min at room temperature, suspended in sterile seawater and then inoculated into API 20NE, API 20E and API ZYM test strips according to the manufacturer's instructions. Test strips were cultured at 28 C for 24 to 96 h to determine the physiological properties. The properties of strain feces2
T and E. flava IMCC1962 T were quite different, as shown Table 1 and summarized in description of the species.
To investigate substrate degradradation, four substrate medium plates were prepared as follows: (1) cellulose plate, comprising MB, 1.5 % agar (BD) and 0.5 % (w/v) CM-cellulose; (2) carrageenan plate, comprising MB and 1.5 % kappa-carrageenan; (3) agar plate, comprising MB and agar; and (4) starch plate, comprising MB, 1.5 % agar and 1 % (w/ v) starch. Strain feces2
T and E. flava IMCC1962 T were streaked on the above medium plates and maintained at 28 C for 2-3 days. Cellulose plates, starch plates and carrageenan plates were overlaid with 0.1 % Congo red, Lugol's iodine solution and 10 % hexadecylpyridinium chloride monohydrate (Solarbio), respectively, to observe the clear zone around the colony. The results showed that there was a crater around the colony of strain feces2
T on the agar plate, indicating its capability of degrading agar, while the cellulose, carrageenan and starch plates were not degraded by strain feces2
T . Eionea flava IMCC1962 T , however, showed no ability to degrade any of the above substrates. The ability to degrade agar can distinguish strain feces2 T from the closely related reference strains (Table 1 ). Oxidase activity was tested using the oxidase reagent to observe the simultaneous colour change of bacterial cells stabilized on a filter membrane. Catalase activity was detected by observing bubble generation in 10 % H 2 O 2 solution. The results showed that oxidase activity was positive, while catalase activity was negative. To test the growth temperature range, strain feces2
T was streaked onto an MS medium plate and maintained at the following temperatures: 5, 16, 20, 28, 30, 40 and 50 C. The results showed that it could grow between 16 and 40 C with the optimum of 28-30 C.
The isoprenoid quinone, fatty acids and polar lipids of strain feces2 T were determined as follows. To obtain cell mass of strain feces2
T , it was cultured with 1 l MB medium and adding 0.1 % (w/v) agar at 28 C at 160 r.p.m. for 2-3 days. The Pseudoteredinibacter isoporae SW-11 T (FJ347760)
Aestuariicella hydrocarbonica SM-6 T (KF982858)
Maricurvus nonylphenolicus KU41E T (AB626730)
Pseudomaricurvus alkylphenolicus KU41G T (AB809161)
Umboniibacter marinipuniceus KMM 3891 T (AB467279)
Umboniibacter roseus 14-121-B13 T (KP313719)
Saccharophagus degradans 2-40 T (CP000282)

Cellvibrio diazotrophicus E50 T (JQ922426)
Cellvibrio gandavensis R-4069 T (AJ289162)
Cellvibrio mixtus subsp. mixtus ACM 2601 T (AF448515)
Cellvibrio japonicus Ueda107 T (CP000934)
Marinimicrobium koreense M9 T (AY839869)
Marinimicrobium agarilyticum DSM 16975 T (AUHU01000007)
Gilvimarinus chinensis DSM 19667 T (ARIX01000006)
Gilvimarinus polysaccharolyticus YN3T (HM437226) 'Gilvimarinus agarilyticus' M5c (GQ872424)
Simiduia agarivorans SA1 T (CP003746)
Simiduia aestuariiviva J-MY2 T (KJ742851)
Simiduia areninigrae M2-5 T (GQ872422) cell pellets was harvested by centrifugation at 7000 r.p.m. for 10 min. The cells were subjected to freeze drying. Isoprenoid quinone of strain feces2 T was also extracted by using lyophilized powder and measured using reversed-phase high-performance liquid chromatography as described previously [13] . The ubiquinone system was detected as being ubiquinone Q-8, consistent with the closely related species, Eionea nigra [14] , Eionea flava [15] and Marinibactrum halimedae [16] . The cellular fatty acids were extracted from the lyophilized bacterial cells and identified by following the standard MIDI protocol (Sherlock Microbial Identification System, version 6B). The predominant fatty acids (>1 %) of strain feces2 T were summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c; 41.4 %), C 16 : 0 (26.3 %), summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c; 17.6 %), C 10 : 0 3-OH (3.5 %), C 17 : 0 (2.5 %), C 12 : 0 (2.3 %), C 18 : 0 (1.5 %) and C 10 : 0 (1.1 %). The two dominant fatty acids of feces2 T were summed feature 8 and C 16 : 0 , which is different from the closely related genus, Eionea, which has summed feature 8 and summed feature 3 as its two dominant fatty acids [14, 15] . Polar lipids were also extracted from the lyophilized cells using a chloroformmethanol system and analysed by using one-and twodimensional thin-layer chromatography (TLC). Merck silica gel 60 F 254 aluminum-backed thin-layer plates were used for the TLC analysis. Total polar lipids were detected using sulfuric acid/ethanol and molybdatophosphoric acid, and specific functional groups were detected using spray reagents (ninhydrin, molybdenum blue, Schiff, Dragendoff and anisaldehyde) specific for defined functional groups. The polar lipids of strain feces2
Simiduia litorea KMM 9504 T (AB894237)
Simiduia curdlanivorans DMCK3-4 T (KJ569530)
T were identified as diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, an unidentified amino phospholipid and four unknown polar lipids (Fig. S3) , which is different from the closely related species (Table 1) .
Combining the above results together, strain feces2
T represents a novel genus within the family Cellvibrionaceae of the order Cellvibrionales within the Gammaroteobacteria. The ability of strain feces2
T to use complex polysaccharides (agar) as substrate, its composition of unsaturated fatty acids (C 18 : 1 , and C 16 : 1 ) and GC content conformed to the bacterial properties of the family Cellvibrionaceae [5] . Strain feces2 T demonstrated differential properties, such as substrate degradradation, that differentiate it from closely related members of the family Cellvibrionaceae (Table 1) . Therefore, Agaribacterium haliotis gen. nov. sp. nov. is proposed, with the type strain feces2 T (=MCCC 1A11450 T =KCTC 52708 T ) isolated from the excreted faeces of an adult abalone, H. discus hannai.
DESCRIPTION OF AGARIBACTERIUM GEN. NOV.
Agaribacterium (A.ga.ri.bac.te¢ri.um. N.L. neut. n. agarum agar; N.L. neut. n. bacterium a rod; N.L. neut. n. Agaribacterium an agar-degrading rod bacterium).
The bacterium is Gram-stain-negative, rod-shaped with a polar flagellum, oxidase-positive, catalase-negative and capable of degrading agar. It is mesophilic with a growth temperature of C. The major fatty acids (>10 %) are summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c), C 16 : 0 and summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c). The respiratory quinone is In addition to the characteristics of the genus, the species characteristics are based on the properties of the type strain feces2 T .
The bacterial cell is 1.0-1.5 µm long and 0.7 µm wide. Growth is observed at the temperatures 16 C to 40 C with optimum of 28-30 C. Enzymatic test results show that strain feces2
T is positive for alkaline phosphatase, leucine arylamidase, acid phosphatase, b-galactosidase, and a-glucosidase; weakly positive for esterase (C4), valine arylamidase, and naphtholAS-BI-phosphohydrolase; negative for esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, N-Acetyl-b-glucosaminidase, a-mannosidase, b-fucosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase and gelatinase.
Strain feces2
T can ferment glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose. Citrate is not utilized. Negative for H 2 S production, indole production and Voges-Proskauer reaction. Nitrate is reduced to nitrite. Hydrolysis of aesculin is negative. No growth occurs on the following sole carbon sources: D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid.
The major fatty acids (>10 %) of strain feces2
T are summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c), C 16 : 0 and summed feature 3 (C 16 : 1 !6c/C 16 : 1 !7c). The polar lipids consist of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, an unidentified amino phospholipid and four unknown polar lipids. The G+C content is 50.5 mol% as calculated from assembly of the draft genome.
The type strain feces2 T (=MCCC 1A11450 T =KCTC 52708 T ) was isolated from the excreted faeces of an adult abalone, H. discus hannai. 
